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Endocrine Mechanism of Sex Change Process in the
Protandrous Black Porgy, Acanthopagrus schlegeli
Kwang Wook An
The Department of Marine Bioscience & Environment,
Graduate School, Korea Maritime University
어 번식 조 생식소자극 르몬 출 르몬 (gonadotropin-releasing
생식소자극 르몬 생식소 르몬 신경hormone, GnRH), (gonadotropin, GTH),
르몬 포함한 많 인자들이 상 작용하여 이루어진다 본 연구에 는 웅.
해산어 인 감 돔, Acanthopagrus schlegeli 커니즘 히
해 뇌하 체 생식소 부 자인 GnRH isoforms
(salmon GnRH, sGnRH, GenBank accession no. EU117212; seabream GnRH,
sbGnRH, EU099997; chicken GnRH-II, cGnRH-II, EU099996), estrogen receptor 2β
(ER 2, EU346949), GTH subunits (GTH , EU605275; follicle-stimulating hormone,β α
FSH , AY921613; luteinizing hormone, LH , EU605276) GTH receptorsβ β
를 클 닝 하 고 과 동안 이들(FSHR, EU095497; LHR, EU339125) ,
자 량 변 를 하 다.
감 돔 과 생식소 달 단계에 라 immature testis, mature
testis, testicular portion of mostly testis, ovarian portion of mostly testis, testicular
portion of mostly ovary, ovarian portion of mostly ovary mature ovary 7
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단계 구분하 며 각 달 단계별 뇌하 체 생식소에 이들 자,
량 이용하여 분 하 다quantitative real-time PCR (QPCR) . sGnRH,
한 컷 소 암컷 난소에 높게sbGnRH cGnRH-II
었다 또한 한 컷 소 암컷 난소에 높. ER ER 1α β
이 찰 었 나 는 한 암컷 난소에 만 높게 었다 뇌하, ER 2 .β
체 한 컷과 암컷에 높게 찰 었 며GTH , FSH LH ,α β β
이들 용체인 과 또한 한 컷과 암컷에 높게FSHR LHR
었다.
난모 포 달 조직학 분 통하여 찰 었는데 한 암컷 난,
소에 난황 가진 난모 포가 다 찰 었 며 이 시 동안 장, E2
농도도 매우 높게 증가 었다.
본 연구에 는 감 돔에, GnRH E2 역할 알아보 하여 미 감,
돔에 GnRH analogue (GnRHa) E2를 주입하여 GTH subunits GTH receptors
량 장mRNA E2 농도 변 를 찰하 다. GnRHa E2 처리 후,
량과 장GTH subunits GTH receptors mRNA E2 농도는 증가하는 경
향 나타내었다.
본 연구를 통하여 GnRH E2가 시상하부 뇌하 체 생식소 축 조 에 요- -
한 역할 하고 있다는 사실 인할 있었 며, GnRH isoforms, ER
는 웅 감 돔 생식소 달subunits, GTH subunits GTH receptors
에 여하고 있다는 것 알 있었다.
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I. General Introduction
The regulation of reproduction in teleost fish is a complex process
involving the interaction of a number of factors including gonadotropin
-releasing hormone (GnRH), gonadotropin (GTH), gonadal hormones and
other neurohormones. GnRH is decapeptide neurohormones responsible for
the control and coordination of reproduction in all vertebrates (Kavanough et
al., 2008), and is released by the hypothalamus and stimulates the synthesis
and release of hypophyseal GTHs; follicle-stimulating hormone (FSH) and
luteinizing hormone (LH). The GTHs have two subunits; GTH , which isα
common to FSH, LH, and thyroid stimulating hormone, and subunitβ
which is specific to either FSH or LH. FSH and LH act by binding specific
receptors (FSHR and LHR) in the gonad of vertebrates to induce
steroidogenesis and gametogenesis (Nagahama et al., 1995). Pituitary FSH
regulates both vitellogenesis and spermatogenesis in early developmental
stages, and LH stimulates the synthesis and secretion of steroid hormones
(e.g. estrogen, progesterone, androgen, and testosterone) from the gonads,
thereby regulating ovarian and testicular function in teleosts (Ando and
Urano, 2005). Thus, gonadal maturation is primarily regulated by the
hypothalamus-pituitary-gonad axis, and GnRH plays a central role in the
regulation of gonadal maturation and reproduction in fish and other species.
There are three types of hermaphroditism: (1) protogyny, in which some
or all individuals function first as females and later in life function
exclusively as males; (2) protandry, in which sex change is from male to
- 2 -
female; and (3) simultaneous hermaphroditism, in which the individual
functions at the same time of life as both male and female. Among these
types, black porgy, Acanthopagrus schlegeli (Perciformes, Sparidae), are
marine protandrous hermaphrodites that are widely distributed and are of
particular interest for commercial aquaculture in parts of Asia including
Korea. These fish are functional male for their first 2 years of life, but
approximately 70% of black porgy change into females during the third
spawning season in their natural environment.
Therefore, the objectives of this study were (1) to investigate the
expression of GnRH isoforms, ER subunits, GTH subunits, and GTH
receptors transcript during sex-change process, with associated changes in
circulating estradiol-17 (Eβ 2) levels in plasma and histological changes of
gonads; (2) to test the hypothesis that GnRH and E2 regulates induction of
pituitary FSH and LH, and the subsequent increase in circulating E2 levels
in plasma in immature black porgy; (3) to describe the interaction among
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In this study, to identify the mechanism of sex-change in the protandrous
black porgy, Acanthopagrus schlegeli, I compared the expression of the
sex-change related genes by quantitative real-time PCR (QPCR) in the
gonads and pituitary during sex-change process of black porgy from male to
female. The expression of sGnRH, sbGnRH, and cGnRH-II were found to
be high in mature testis and ovary. ER and ER 1 were high in the matureα β
testis and ovary, but ER 2 was higher in the mature ovary. Also, GTH ,β α
FSH , and LH were high in pituitary of mature male and mature female,β β
and FSHR and LHR were high in mature testis and mature ovary. In
histological study, I observed the vitellogenic oocytes and increase of E2
level in plasma in the mature female of black porgy. In addition, to
investigate the action of GnRH and E2 in the black porgy, I injected with
GnRHa and E2 in immature black porgy. The expression of GTH subunits
and GTH receptors and E2 level in plasma were increased after GnRHa and
E2 injection.
Therefore, it is concluded that these genes were involved in the
sex-change of black porgy, play important roles in the regulation of
hypothalamus-pituitary-gonad axis of black porgy.
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